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Abstract 
X-ray imaging is an important technique used for medical imaging and non-destructive 
inspection of industrial products. Highly sensitive X-ray detectors which enable X-ray imaging 
at low dose rate are required to reduce the risk of cancer. Recently, metal halide perovskite 
materials have demonstrated excellent X-ray detection performance including high sensitivity 
due to their high absorption coefficient, high carrier mobility, and long carrier lifetime. 
However, there are few studies on perovskite thick films with large area which is essential for 
the application to X-ray imaging devices. In this study, a polymer is employed as a buffer layer 
to avoid a film exfoliation, which makes it difficult to fabricate perovskite thick films, and a 
110-μm-thick CsPbBr3 film is successfully obtained using a scalable solution method. In 
addition, an X-ray detector based on the CsPbBr3 thick film is fabricated and achieves a high 
sensitivity of 11,840 μC Gyair–1 cm–2. This sensitivity is about 600 times higher than that of 
currently commercial a-Se X-ray detectors. 
INTRODUCTION 
Metal halide perovskite material (ABX3, A = CH3NH3+, HC(NH2)2+, Cs+, Rb+; B 
= Pb2+, Sn2+; X = Cl–, Br–, I–) has a great potential as a photoconductive layer for solar 
cells[1]–[6] and visible light detectors[7]–[10] due to its high absorption coefficient, high 
carrier mobility, long carrier lifetime, and tunable band-gaps. Recently, perovskite 
materials have also demonstrated excellent X-ray detection performance[11]–[17]. 
Representative studies on X-ray detectors based on perovskite materials are summarized 
in Table I. For example, W. Wei et al. reported Si-integrated CH3NH3PbBr3 single crystal 
X-ray detectors with the high sensitivity of 21,000 μC Gyair–1 cm–2, which is over a 
thousand times higher than that of amorphous selenium (a-Se) detectors[13]. Y. C. Kim et 
al. successfully obtained a hand phantom X-ray image from CH3NH3PbI3 thick film-based 
flat panel detectors with the sensitivity of 11,000 μC Gyair–1 cm–2[14]. However, poor 
thermal stability caused by the volatility of the organic cations is still a big issue[18]. In 
contrast, all-inorganic perovskite materials, especially cesium lead tribromide (CsPbBr3), 
have demonstrated excellent thermal stability, and thus they are often used for stable 
perovskite-based devices including X-ray detectors[19], [20]. Z. Gou et al. reported an 
Au/CsPbBr3 (18 μm)/ITO structure self-powered X-ray detector which obtained the 
sensitivity of 470 μC Gyair–1 cm–2 at zero bias. They fabricated the CsPbBr3 thick films 
through the multiple-times dissolution-recrystallization method[16]. W. Pan et al. reported 
a hot-pressed CsPbBr3 quasi-monocrystalline thick film (240 μm) and a record sensitivity 
of 55,684 μC Gyair–1 cm–2, surpassing all other X-ray detectors[17]. Due to these brilliant 
achievement by CsPbBr3 X-ray detectors, it is expected that an application for highly 
sensitive X-ray imaging which enable medical diagnosis at a low dose rate, leading to 
reducing the risk of cancer. However, almost previous fabrication methods for CsPbBr3 X-
ray detectors were not suitable for the large area production. For X-ray imaging devices, 
large detection area equivalent to imaging area is essential because it is difficult to 
condense an X-ray by a lens in contrast to visible light. Therefore, a scalable method is 
required for the fabrication of thick CsPbBr3 films. 
Recently, we reported the fabrication of (101)-oriented CsPbBr3 films with a 
thickness of up to 28 μm using a mist deposition method, which is suitable for the large 
area production[21]. Much thicker films (over 100 μm) are preferable to a highly sensitive 
X-ray detection. However, it is difficult to prepare such thick films due to the film 
exfoliation during a cooling process after the deposition. In this study, we employed a 
polymer as a buffer layer to prevent a CsPbBr3 thick film from exfoliation and successfully 
obtained a 110-μm-thick CsPbBr3 film. An X-ray detector based on the CsPbBr3 thick film 
achieved a high sensitivity of 11,840 μC Gyair–1 cm–2. 
 
Table I. Comparison of the relevant device parameters of the X-ray detectors based on perovskite materials. 






(μC Gyair–1 cm–2) Ref. 
CH3NH3PbI3 film Spin-coating 0.6 N/A 0 25 [11] 
CH3NH3PbBr3 single crystal Anti-solvent crystallization 2,000 N/A 0.05 80 [12] 
CH3NH3PbBr3 single crystal Inverse temperature crystallization 2,000 8 47 21,000 [13] 
CH3NH3PbI3 thick film Doctor blading 830 100 60 11,000 [14] 
(CsFAMA)PbI3 film Spin-coating 0.45 35 890 98 [15] 
CsPbBr3 thick film Multiple-times dissolution-recrystallization 18 35 110 1,700 [16] 
CsPbBr3 thick film Hot-pressed  240 30 5.0 55,684 [17] 
CsPbBr3 thick film Mist deposition 110 70 45.5 11,840 This work 
EXPERIMENTAL DETAILS 
Materials 
Cesium bromide (CsBr, 99%) and lead bromide (PbBr2, 98%) were purchased 
from Tokyo Chemical Industry and Sigma-Aldrich, respectively. Dimethyl sulfoxide 
(DMSO, 99.0%) and N, N-dimethylformamide (DMF, 99.5%) were purchased from 
Fujifilm Wako Chemicals. CsPbBr3 powder was synthesized from CsBr and PbBr2 by 
reference to C. C. Stoumpos’s solution method[19]. 
Preparation of CsPbBr3 thick films 
Pt-coated ITO substrates (named Pt substrates, size; 26 × 20 mm2) were cleaned 
by acetone, isopropanol and distilled water in ultrasonic bath for 10 min, respectively. 
Subsequently, the substrates were dried by an air blower. In order to avoid a film 
exfoliation, the Pt substrates were coated with a polymer using spin-coating method. 
CsPbBr3 thick films were prepared on the Pt substrates with and without the polymer layer. 
The growth conditions of CsPbBr3 are summarized in Table II. A precursor solution was 
prepared by dissolving 50 mM CsPbBr3 powder in a solvent mixture of DMSO and DMF 
(6:4, volume ratio). Then CsPbBr3 was deposited on the substrates using the mist 
deposition method. The carrier and dilution gas flow rate were set at 0.375 and 4.625 L 
min–1, respectively. The substrate temperature was set at 150 °C optimized for the 
fabrication of highly (101)-oriented CsPbBr3 films in our previous report[21]. In this study, 
CsPbBr3 was deposited onto a reduced area of 26 × 10 mm2 by moving the substrate by 10 
mm at a speed of 0.80 mm s–1. The deposition cycle was determined to give thickness of 
about 100 μm. After the CsPbBr3 deposition, the substrate temperature was slowly 
decreased to room temperature at the cooling rate of less than 2 °C min–1. 
 
Table II. Growth conditions of CsPbBr3 thick films 
Precursor, concentration CsPbBr3, 50 mM 
Solvent DMSO : DMF = 6 : 4 (volume ratio) 
Carrier gas flow rate N2, 0.375 L min−1 
Dilution gas, flow rate N2, 4.625 L min−1 
Substrate temperature 150 °C 
Stage speed, length 0.80 mm s−1, 10 mm 
Characterization and device fabrication 
The surface and cross-sections of the films were observed with scanning electron 
microscopy (SEM; JSM-6510LV, JEOL). X-ray diffraction (XRD) spectra of CsPbBr3 
films were recorded using a PW 3040/60 X’Pert PRO with Cu-Kα radiation. 
An X-ray detector with the configuration of tungsten (W)/CsPbBr3/polymer/Pt 
was fabricated as follows; a CsPbBr3 thick film was deposited on a polymer-coated Pt 
substrate. Subsequently, a W electrode was deposited on the CsPbBr3 film using ion 
sputtering coating. The device area of 0.25 cm2 was determined by a metal mask. 
Figure 1 shows the schematic illustration of X-ray detection measurements. The 
photoresponse characteristics of the X-ray detector were measured by a W target X-ray 
source. The tube voltage and tube current used in the measurement were 70 kV and 2.0 
mA, respectively. The dose rate of the X-ray was 10 μGyair s–1 measured by an ionized 
chamber type survey meter. These measurements were performed in a dark room to 
exclude an effect of other photons such as visible light. 
 
Figure 1. Schematic illustration of X-ray detection measurements. 
RESULTS AND DISCUSSION 
In our previous report, a 28-μm-thick CsPbBr3 film was successfully formed on 
a Pt substrate using the mist deposition method[21]. Much thicker films (over 100 μm) are 
preferable to a highly sensitive X-ray detection. Then, the deposition cycle was increased 
to increase the thickness of a CsPbBr3 thick film. Figure 2a shows the photographs of the 
obtained film on the Pt substrate. Unfortunately, many light orange speckles appeared on 
the film surface during the cooling process after the CsPbBr3 deposition. The cross-
sectional SEM image of the film (Figure 2b, c) revealed that the speckles corresponded to 
the exfoliation of the film. It seems that large stress was accumulated at the interface 
between the CsPbBr3 film and the Pt substrate due to the difference of thermal expansion 
coefficient. The high thermal expansion coefficient of CsPbBr3 (1.2 × 10–4 K–1[19]) makes 
it difficult to form a thick film on the Pt substrate without exfoliation. Therefore, a part of 
the Pt substrate was coated with a polymer as a buffer layer. Figure 2d shows the 
photograph of a CsPbBr3 thick film prepared on the polymer-coated substrate. Unlike the 
CsPbBr3 film directly prepared on the Pt substrate, a uniform orange film was obtained on 
the polymer layer without any speckles. The SEM images (Figure 2e) confirmed that a 
uniform 110-μm-thick CsPbBr3 film was successfully obtained without exfoliation, as a 
result of inserting the polymer layer. As can be seen in figure 2f, columnar crystals grew 
even on the polymer layer. In addition, XRD patterns indicated that the CsPbBr3 thick film 
was highly (101)-oriented. The columnar growth and the high (101)-orientation, 
corresponded to the results of our previous report[21], suggest that the CsPbBr3 film has a 
high carrier mobility, leading to a highly sensitive X-ray detection. 
 
Figure 2. (a, d) Photographs and (b, c, e, f) cross-sectional SEM images of CsPbBr3 thick films prepared on (a–c) a bare 
Pt substrate and (d–f) a polymer-coated Pt substrate. 
 
An X-ray detector was fabricated by forming a W electrode onto the 110-μm-
thick CsPbBr3 film. Figure 3a shows the photoresponses to the X-ray with the dose rate of 
10 μGyair s–1 under bias voltages of 1–5 V. Under any bias voltages, the measured current 
was pumped up by the X-ray irradiation, indicating that the X-ray detector could detect the 
X-ray. The sensitivity of the X-ray detector was calculated using the equation (1): 
Sensitivity = (JP − JD)/G            (1) 
where JP, JD, and G are the measured photocurrent density, dark current density, and the 
dose rate of 10 μGyair s–1. As shown in figure 3b, the sensitivity increased with increasing 
bias voltage and reached at 11,840 μC Gyair–1 cm–2 under bias voltage of 5 V (45.5 V mm–
1). The sensitivity of our device (11,840 μC Gyair–1 cm–2) is much higher than that of the 
majority of other perovskite devices as shown in Table I. Moreover, this sensitivity is about 
600 times higher than that of the currently commercial a-Se X-ray detectors working at a 
much higher field of 10,000 V mm–1 (20 μC Gyair–1 cm–2)[22]. 
 
Figure 3. (a) X-ray responses and (b) sensitivities of the W/CsPbBr3/polymer/Pt detector under various bias voltage of 1–
5 V. 
CONCLUSIONS 
In conclusion, we employed a polymer as a buffer layer to prevent a CsPbBr3 
film from exfoliation and successfully fabricated an X-ray detector based on a 110-um-
thick CsPbBr3 film using a scalable solution deposition method (mist deposition method). 
The detector demonstrated a high sensitivity of 11,840 μC Gyair–1 cm–2, which is about 600 
times higher than that of currently commercial a-Se X-ray detectors. Our investigation has 
provided a scalable method to fabricate X-ray detectors based on CsPbBr3 thick film which 
achieve a high sensitivity. 
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